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(57)Abstract: 

PURPOSE: To restrain the voltage shift of an image signal inputted to a liquid 
crystal picture element by shaping the waveform of a gate pulse. 
CONSTITUTION: An active matrix type liquid crystal display device comprises 
liquid crystal elements arrayed in a matrix and picture element transistors to 
drive respective elements. In this case, a gate pulse GP is applied to the gate 
electrodes of the picture element transistors during a selection period, 
thereby writing an image signal Vsig in each element. Subsequently, the 
application of the gate pulse GP is interrupted during a non-selection period 
and the written image signal Vsig is held. In transition from the selection 
period to the non-selection period, the gate pulse GP is caused to smoothly 
rise, thereby restraining the voltage shift A V of the written signal Vsig. 
Instead, the voltage level Vgate 1 of the gate pulse GP is once lowered to 
Vgate 2 immediately before transition from the selection period to the non- 
selection period and, then, further lowered, thereby restraining the voltage 
shift AV of the written image signal Vsig. 
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CLAIMS 



[Claim(s)] 

[Claim 1] As opposed to the active matrix liquid crystal display which consists of a pixel transistor for 
driving the liquid crystal pixel arranged in the shape of a matrix, and each liquid crystal pixel In the drive 
approach of performing image display by holding the picture signal written in by stopping impression of 
the gate pulse in a non-selection period while impressing the gate pulse in a selection period to. the gate 
electrode of a pixel transistor and writing the picture signal in each liquid crystal pixel The drive 
approach of the active matrix liquid crystal display characterized by controlling the electrical-potential- 
difference shift of the picture signal written in by bringing down a gate pulse smoothly in case it shifts to 
a non-selection period from a selection period. 

[Claim 2] As opposed to the active matrix liquid crystal; display which consists of a pixel transistor for 
driving the liquid crystal pixel arranged in the shape of a; matrix, and each liquid crystal pixel In the drive 
approach of performing image display by holding the picture signal written, in by stopping impression of 
the gate pulse in a non-selection period while impressing the gate pulse in a selection period to the gate 
electrode of a pixel transistor and writing the picture signal in each liquid crystal pixel The drive 
approach of the active matrix liquid crystal display characterized by controlling the electrical-potential- 
difference shift of the picture signal written in by bringing down once lowering the voltage level of a gate 
pulse just before shifting to a non-selection period from a selection period; 

[Claim 3] The liquid crystal pixel arranged in the shape of a matrix, and the pixel transistor which drives 
each liquid crystal pixel, The vertical-scanning circuit which impresses a gate pulse to the gate 
electrode of each pixel transistor one by one, and performs selection actuation, In the active matrix 
liquid crystal display which consists of a level drive circuit which writes a picture signal in each liquid 
crystal pixel through the selected pixel transistor The above-mentioned vertical-scanning circuit is an 
active matrix liquid crystal display characterized by having a means to control the electrical-potential- 
difference shift of the picture signal written in by bringing down a gate pulse smoothly in case 
impression of this gate pulse is stopped. 

[Claim 4] The liquid crystal pixel arranged in the shape of a matrix, and the pixel transistor which drives 
each liquid crystal pixel, The vertical-scanning circuit which impresses a gate pulse to the gate 
electrode of each pixel transistor one by one, and performs selection actuation, In the active matrix 
liquid crystal display which consists of a level drive circuit which writes a picture signal in each liquid 
crystal pixel through the selected pixel transistor The above-mentioned vertical-scanning circuit is an 
active matrix liquid crystal display characterized by having a means to control the electrical-potential- 
difference shift of the picture signal written in by bringing down once lowering the voltage level of a gate 
pulse just before stopping impression of this gate pulse. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the drive approach of an active matrix liquid crystal 
display. It is related with the gate pulse impression approach of the pixel transistor connected to each 
liquid crystal pixel in more detail. 
[0002] 

[Description of the Prior Art] With reference to drawing 5 , the general configuration of the conventional 
active matrix liquid crystal display is explained briefly. Drawing 5 is the typical representative circuit 
schematic of a 1 -pixel part. Each pixel is prepared in the intersection of the gate line X and signaHine Y. 
The liquid crystal pixel is expressed with the liquid crystal capacity CLC equivalent. Usually, in the liquid 
crystal capacity CLC, it is the auxiliary capacity CS. It connects with juxtaposition. While the end of the 
liquid crystal capacity CLC is connected to the drive transistor Tr, the other end is connected to the 
counterelectrode and the predetermined reference voltage Vcom is impressed. The pixel transistor Tr 
consists of a thin film transistor of an insulated-gate electric field effect mold. It connects with signal- 
line Y and the drain electrode D of the pixel transistor Tr receives supply of a picture signal Vsig. 
Moreover, the source electrode S is connected to the end, i.e., pixel electrode, of the liquid crystal 
capacity CLC. Furthermore, the gate pulse which the gate electrode G is connected to the gate line X, 
and has predetermined gate voltage Vgate is impressed. The joint capacity CGS is formed between the 
liquid crystal capacity CLC and the gate electrode G. As for this joint capacity CGS, the stray capacity 
component between a pixel electrode and the gate line X and the parasitic capacitance component 
between the source field inside pixel transistor Tr and a gate field are put together. While the latter 
parasitic capacitance component is dominant, dispersion is accepted with the pixel transistor Tr of each 
[ value / the ]. 
[0003] 

[Problem(s) to be Solved by the Invention] Next, the technical problem which this invention tends to 
solve with reference to drawing 6 is explained briefly. If the gate pulse of the electrical potential 
difference Vgate in a selection period is impressed to the gate electrode G, the pixel transistor Tr will be 
turned on. At this time, the picture signal Vsig supplied from signal-line Y is written in a liquid crystal 
pixel through Transistor Tr, and the so-called sampling is performed. Next, if a non-selection period 
comes, impression of a gate pulse will be stopped and the written-in picture signal will be held at the 
liquid crystal capacity CLC. When shifting to a non-selection period from a selection period, a square 
wave gate pulse falls from high level to a low level rapidly. Under the present circumstances, the charge 
stored in the liquid crystal capacity CLC by coupling through the joint capacity CGS mentioned above 
discharges momentarily. For this reason, electrical-potential-difference shift deltaV arises in the picture 
signal Vsig written in the liquid crystal pixel. Since dispersion is in the value of the joint capacity CGS by 
each pixel, dispersion arises also in electrical-potential-difference shift deltaV, the so-called rough 
deposit appears on the display screen, and there is the technical problem or the trouble that display 
grace deteriorates remarkably. 

[0004] The picture signal which wrote in the picture signal during the selection period and was written in 
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the liquid crystal pixel during the continuing non-selection period is held, and the 1 field is constituted. 
The permeability of the liquid crystal pixel in the 1 field is determined by the effective voltage impressed 
to liquid crystal between them. It must be what can secure the ON state current required as a property 
of the pixel transistor Tr in order to complete writing within a selection period. Moreover, since effective 
voltage sufficient in order to turn on the liquid crystal pixel in a 1 field period is obtained, the leakage 
current in a non-selection period or a maintenance period is made as small as possible. The effect of 
[ at the time of the non-selection period far longer than a selection period as effective voltage ] is large. 
Display grace is spoiled in order for electrical-potential-difference shift deltaV which is produced when 
for this reason it turns off after charging the pixel capacity CLC and which was mentioned above to be 
greatly effective against the effective voltage impressed to liquid crystal. 

[0005] Auxiliary capacity CS by which parallel connection is carried out to the liquid crystal capacity 
CLC in order to control the absolute magnitude and dispersion of electrical-potential-difference shift 
deltaV conventionally The cure of forming more greatly was taken. That is, it is the auxiliary capacity CS 
beforehand about the charge which is sufficient for compensating the amount of charges which 
discharges through the joint capacity CGS. It stores. However, auxiliary capacity CS It is formed in the 
liquid crystal pixel field, and when this dimension is set up greatly, a pixel numerical aperture falls victim 
and there is the technical problem or the trouble that sufficient display contrast cannot be acquired. 
[0006] 

[Means for Solving the Problem] This invention aims at controlling the electrical-potential-difference 
shift of the picture signal resulting from the joint capacity between the gate/source in view of the 
technical problem of a Prior art mentioned above, without sacrificing a pixel numerical aperture. In order 
to attain this purpose, a means to improve the impression approach of a gate pulse was provided. 
Hereafter, the means concerned is explained with reference to drawing 1 . In order to attain the same 
purpose, two kinds of means were provided. With the first means shown in (A) of drawing 1 As opposed 
to the active matrix liquid crystal display which consists of a pixel transistor for driving the liquid crystal 
pixel arranged in the shape of a matrix, and each liquid crystal pixel In the drive approach of performing 
image display by holding the picture signal Vsig written in by stopping impression of the gate pulse GP in 
a non-selection period while impressing the gate pulse GP in a selection period to the gate electrode of 
a pixel transistor and writing the picture signal Vsig in each liquid crystal pixel When shifting to a non- 
selection period from a selection period, electrical-potential-difference shift deltaV of the picture signal 
Vsig written in by bringing down a gate pulse GP smoothly was controlled. 

[0007] In order to attain reinforcement of liquid crystal in an active matrix liquid crystal display, the 
alternating current drive which reverses the polarity of a picture signal Vsig for every field is performed. 
The picture signal Vsig of straight polarity is written in a pixel to the predetermined reference voltage 
Vcom impressed to a counterelectrode in the first field in illustration, and the picture signal Vsig of 
negative polarity is written in in the second field. If its attention is paid to a certain gate line, in the first 
field, the gate pulse GP of gate voltage Vgate predetermined [ in a selection period ] will be impressed 
to the gate electrode of a pixel transistor. Falling of this gate pulse GP is smooth. For this reason, 
compared with the case where it brings down steeply like the former, electrical-potential-difference 
shift deltaV is small, and it becomes possible to maintain level predetermined [ in a non-selection 
period ]. In the second field, falling of a gate pulse GP is smooth similarly, and electrical-potential- 
difference shift deltaV is controlled. In addition, unlike falling, image grace is not affected even if the 
standup of a gate pulse GP is steep. 

[0008] He is trying to control electrical-potential-difference shift deltaV of the picture signal Vsig 
written in by bringing down once lowering the voltage level Vgatel of a gate pulse GP to Vgate2 just 
before shifting to a non-selection period from a selection period with the second means shown in (B) of 
drawing 1 . In addition, the timing which lowers the voltage level of a gate pulse GP is set as the 
appearance which does not affect the write-in actuation to the liquid crystal pixel in a selection period. 
That is, when writing is completed, gate voltage Vgatel is lowered to Vgate2. In case especially this 
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second means writes in and holds the picture signal of negative polarity, it is effective. For example, in 
the second field, the big potential difference arises between gate voltage Vgatel and a picture signal 
Vsig. By bringing down, once lowering this gate voltage Vgatel to Vgate2, it is at the shift time to a non- 
selection period from a selection period, and the potential difference between a gate line and a source 
electrode becomes small. For this reason, electrical-potential-difference shift deltaV can be controlled 
effectively. 
[0009] 

[Function] Electrical-potential-difference shift deltaV of a picture signal becomes large in proportion to 
the joint capacity CGS between the gate and the source at the appearance explained with reference to 
drawing 5 . On the contrary, the liquid crystal capacity CLC and auxiliary capacity CS It becomes so 
small that it is large. Furthermore, in proportion to the potential difference VGS between the gate and 
the source, it becomes large. In addition, this VGS supports gate voltage Vgate at the shift time to a 
non-selection period from a selection period, and the potential difference with the written-in picture 
signal Vsig. If the relation described above is expressed with a formula, it will become like 
deltaV=CGS/(CLC+CGS+CS) xVGS. By the way, there is frequency dependent in the impedance of the 
joint capacity CGS, and it is easy to let a high frequency component pass. Then, he removes a high 
frequency component and is trying to control the electrical-potential-difference shift by coupling 
through joint capacity by smoothing falling of a gate pulse with the first means shown in (A) of drawing 
1. 

[0010] Electrical-potential-difference shift deltaV can be controlled by making small the potential 
difference VGS between the gate/source so that clearly from the relational expression mentioned above. 
Then, he is trying to control electrical-potential-difference shift deltaV with the second means shown in 
(B) of drawing 1 by once lowering gate voltage and making VGS small just before falling of a gate pulse. 
[0011] 

[Example] With reference to a drawing, the suitable example of this invention is explained to a detail 
below. Drawing 2 shows the example of circuitry for enforcing the first drive approach concerning this 
invention. The active matrix liquid crystal display has the display which consists of a pixel transistor Tr 
which drives the liquid crystal pixel LP arranged in the shape of a matrix, and each liquid crystal pixel LP. 
In addition, only the liquid crystal pixel for a single tier is expressed with illustration. The vertical- 
scanning circuit 1 is connected to the gate electrode G of each pixel transistor Tr through the gate lines 
X1, X2, X3, and X4 and — , a gate pulse GP is impressed by line sequential, and selection actuation of 
the pixel transistor Tr is performed. Moreover, the level drive circuit 2 is connected to the drain 
electrode of each pixel transistor Tr through the signal line Ym, and a picture signal Vsig is written in 
each liquid crystal pixel LP through the selected pixel transistor Tr. 

[0012] The vertical-scanning circuit 1 consists of shift registers 3. This shift register 3 has the 
structure which made multistage connection of D type flip-flop 4. The D mold each flip-flop 4 consists 
of inverters 5 and 6 of a pair with which common connection of the output terminal was carried out. 
Each inverter is connected to the gland side through the drive transistor 8 of an N channel mold while 
connecting with the power-source VVDD side through the drive transistor 7 of a P channel mold. The 
drive transistors 7 and 8 of these pairs answer the shift clock pulses VCK1 and VCK2 and these 
reversal pulses, flow, and drive an inverter. Thus, the inverters 5 and 6 to drive are called the so-called 
clocked inverter. The input terminal of the third inverter 9 is connected to the output terminal to which 
common connection of the inverters 5 and 6 of a pair was carried out. In the output terminal of the third 
inverter 9, the output pulse of the D type flip-flop of each stage appears. This output pulse is used also 
as an input of the D type flip-flop of the next step. By inputting a start signal VST to the D type flip- 
flop of a first stage eye, a shift register 3 outputs the output pulse from which the half period [ every ] 
phase shifted one by one for every stage. After carrying out logic processing of the output pulse of the 
stage concerned, and the output pulse of the preceding paragraph with the NAND gate component 10, a 
gate pulse GP is obtained by being reversed with an inverter 11. 
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[0013] In this example, the output inverter 11 has unsymmetrical structure, namely, the ratio of channel 
width W of the N channel mold transistor 12, and channel length L — W/L is small set up compared with 
the P channel mold transistor 13. When it puts in another way, the current capacity of the N channel 
mold transistor 12 is small compared with the current capacity of the P channel mold transistor 13. 
Since the P channel mold transistor 13 flows when a gate pulse GP starts from a low level high-level, it 
becomes a steep standup. On the other hand, when a gate pulse GP falls, the N channel mold transistor 
12 flows, but since the current capacity is small, it becomes smooth falling. Therefore, the vertical- 
scanning circuit 1 is equipped with a means to control the electrical-potential-difference shift of the 
picture signal Vsig written in Pixel LP, by bringing down a gate pulse GP smoothly. 

[0014] Drawing 3 shows the circuitry for enforcing the second drive approach concerning this invention. 
It is similar with the circuitry shown in drawing 2 fundamentally mentioned above, the same reference 
number and the same reference mark are given to a corresponding part, and an understanding is made 
easy. A different point is the P channel mold drive transistor 7 of the D mold each flip-flop 4 not being 
connected to DC power supply Rhine VVDD, but connecting at the middle point of the partial pressure 
resistance R1 and R2 of a pair by which series connection's was carried out. The end of the partial 
pressure resistance R1 and R2 by which series connection was carried out is connected to power- 
source Rhine VVDD, and the other end is connected to the gland side through the switching transistor 
14. Control voltage VCKX is periodically impressed to the gate electrode of a switching transistor 14. 
When a switching transistor 14 is in an OFF state, supply voltage is supplied to a shift register 3 as it is, 
and the voltage level of each gate pulse GP becomes equal to supply voltage. On the other hand, if a 
switching transistor 14 is turned on, the electrical potential difference by which resistance division was 
carried out will be supplied to a shift register 3 by the ratio of R1 and R2, and the voltage level of a gate 
pulse GP will also fall according to it by it. 

[0015] In this example, the part of the gate driver which consists of a shift register 3, and the NAND 
gate circuit 10 and an inverter 11 among the whole configurations of the vertical-scanning circuit 1 is 
formed in the substrate of an active matrix liquid crystal display. The clock driver which, on the other 
hand, supplies the power circuit which supplies supply voltage to a shift register 3, a clock pulse VCK1, 
and VCK2 grade is prepared out of the substrate of an active matrix liquid crystal display. In addition, in 
this example, the switching transistor 14 for switching supply voltage and the partial pressure resistance 
R1 and R2 are formed in the substrate. However, this invention is not restricted to this structure. You 
may make it switch periodically the supply voltage of the power circuit by which external connection is 
made depending on the case. 

[001 6] Actuation of the circuit finally shown in drawing 3 with reference to drawing 4 is explained to a 
detail. The control voltage VCKX impressed to the gate electrode of a switching transistor 14 carries 
out level change at the shape of a pulse according to a Horizontal Synchronizing signal. In this example, 
the level period is set as 63.5 microseconds and is equivalent to the selection period per gate line. 
Control voltage VCKX changes to the high level between 6-8 microseconds in the last part of each 
level period. This time amount is set as the appearance which does not affect write-in actuation of the 
picture signal within a selection period, namely, the pixel on the selected gate line — receiving — a dot 
order — control voltage VCKX switches high-level in the phase which finished writing in a picture signal 
next. Since a switching transistor 14 will be turned on if control voltage VCKX becomes high-level, the 
level of the supply voltage supplied to a shift register 3 falls to about 8.5V from VVDD set as 13.5V. This 
amount of falls is set up by deciding suitably the ratio of the partial pressure resistance R1 and R2 of a 
pair. 

[0017] The n-th gate pulse GP (n) changes stair-like [ that level ] from 13.5V to 8.5V into 1 level period, 
corresponding to fluctuation of this supply voltage. With the following level period, the gate pulse GP 
(n+1) corresponding to the n+1st gate lines occurs, and, similarly the level changes stair-like. In the 
meantime, a polarity reverses a picture signal Vsig by turns to the potential Vcom of a counterelectrode 
for every level period. The so-called 1H reversal drive is performed. According to such actuation, a 
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vertical-scanning circuit can control the electrical-potential-difference shift of the picture signal Vsig 
written in the pixel by bringing down, once lowering the voltage level of a gate pulse just before stopping 
impression of each gate pulse GP. 

[0018] The electrical-potential-difference shift of a picture signal can be controlled by [ which were 
explained above ] smoothing falling of a gate pulse like or supposing that it is stair-like. Waveform 
shaping of this gate pulse can be attained by devising the configuration of a vertical-scanning circuit. In 
this case, deformation may be added to the circuit part formed in the substrate of an active matrix liquid 
crystal display, and the part of an external circuit may be adjusted. However, when shaping a gate pulse 
in waveform in an external circuit part, the approach of changing falling more nearly stair-like than the 
****** approach is simpler in circuit, and a controllability is good. 
[0019] 

[Effect of the Invention] it explained above — like = — this invention — getting twisted — it is effective 
in the ability to control the electrical-potential-difference shift of a picture signal, reduce the rough 
deposit of the display screen, and improve display grace by shaping a gate pulse in waveform. Moreover, 
in shaping in waveform in an external circuit, it becomes unnecessary to sort out a poor rough deposit 
as an active matrix liquid crystal display simple substance, and is effective in the manufacture yield 
being sharply improvable. Furthermore, it is effective in display contrast being improvable, without not 
enlarging auxiliary capacity like the former and sacrificing a pixel numerical aperture, since an electrical- 
potential-difference shift can be controlled by the technique of waveform shaping. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the drive approach of the active matrix liquid crystal 
display concerning this invention. 

[Drawing 2] It is the circuit diagram showing the example of a configuration for enforcing the drive 
approach concerning this invention. 

[Drawing 3] It is the circuit diagram showing the example of other configurations for enforcing the drive 
approach which similarly starts this invention. 

[Drawing 4] It is a timing chart for explaining actuation of the circuit shown in drawing 3 . 

[Drawing 5] It is the representative circuit schematic showing the structure of the conventional active 

matrix liquid crystal display. 

[Drawing 6] It is a mimetic diagram for explaining the technical problem of the drive approach of the 
conventional active matrix liquid crystal display. 
[Description of Notations] 

1 Vertical-Scanning Circuit 

2 Horizontal Scanning Circuit 

3 Shift Register 
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4 D Type Flip-flop 

11 Inverter ' 

12 N Channel Mold Transistor 

13 P Channel Mold Transistor 

14 Switching Transistor 



[Translation done.] 
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l/>fc 0 ap.*,ift-fr**CGsSr^b-C*«Six5«W*Sr*l 

K ft o +#ft ayh7^b Sr#5**s ft v * t ^ 
[o o o 6 ] 

fc.' .KTR HI 1 Sr#B8 UT^^E#S*lftWi-«. HI— © 
(A) K^i^g— ©3^-?^ vKili'^tEW^ 

v 5 ^..^ i & b fts 7 * << -7-* v y 9 xmm&&^9.^. 

*<r>>f— YWmtf®MlMtefe%V s i g %&m$kWM 
ln4rfltihL-C»#.a*ix*:W4ft«-»y s i g Srt&frrs 
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«|EV7,.1> A y..fc#WW.i- 5«t Ufc.. • 
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Vs i 4©*tt«rR«E-t-5SEWWlb*stTJiCto*t.<5. 0^ 
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wSmmffiV c profcttUTjEffittCMflMt-S-V s i g 

fll-S-V s i-g#t*ii*h5. *)5y-b7'f^lCf&' 
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P©fflffiW<A<V g a t e 1 StV g a t e 2 *-CT^ffc 
«it>T»f5*fcJ:t)»#a*H/tlBift«-g-Vs i gCO 
K A VSr»#J"t-5«fcU-CV^5. ftfc> ^— h 
io y^w^ G P. coW,S. w-VV&T.tf 5 ^ <T 5 V^fi, SWSB 

i^$^^-CV^S 0 BP*,, StiiW^TUfc^ty-h 
lEVg a t el (±V g a, t.e 2iZ.X*Tlf btlSo -© 

BR}=a*«).-e*>.S. I-7-f-;uK[:ti^ty 
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= C GS / (C LC +C G S+C S ) XVgs©«&.**- 
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[^Jfe0iJ] £ATHffiS:#Wl>-C*38M©<?a[ftlUlt«Sr 

iLPt, ^©^ffiHaf LPSrlEtbi-?.®^ h7^ 
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